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ABSTRACT 



In a radio telephone system including subscriber devices, 
such as mobile phones, that function in a network wherein 
a control channel is used to transfer call control messages 
between the network and a subscriber device, and a call 
consists of three consecutive phases involving a connection 
setup phase, an information transfer phase, and a connection 
termination phase, with the setup and termination phases 
including messages on the control channel, a call waiting 
service in which the network sends the subscriber device a 
control message announcing the arrival of a new call via the 
control channel, which service is valid in desired phases or 
parts of phases of the call. 
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RADIO TELEPHONE SYSTEM IN WHICH A 

MOBILE PHONE CAN RECEIVE A 
CONTROL MESSAGE ANNOUNCING THE 
ARRIVAL OF A NEW CALL DURING AN 
ONGOING CALL 

The invention is related to a radio telephone system 
comprising of subscriber devices, especially mobile phones, 
that function in a radio telephone network. The system has 
at least one control channel for transferring call control 
messages between the network and a subscriber device. A 
call is made up of three consecutive phases: connection 
establishment, information transfer and connection termina- 
tion. 

In communications terminology, a logical communica- 
tions connection between two subscribers is usually defined 
as being made up of three consecutive phases, which are 
connection establishment, information transfer and connec- 
tion termination. The physical connection between two 
subscriber devices is formed by a communications network, 
which in each case consists of a varying number of centers, 
exchanges, transmitters, receivers and other components, 
which not only form an information channel between 
subscribers, but also take part in controlling the subscriber 
devices connected to the communications network by uti- 
lizing different types of control signals or messages. The 
communications network and its various components will 
herein simply be referred to as the network. 

In the connection establishment phase a subscriber- 
activated connection request, which is a control message or 
a group of control signals that include address and other 
information, is sent to the network, which creates a physical 
connection to the receiving subscriber and submits an infor- 
mation channel for use by the subscribers. During the 
information transfer phase information is transferred from 
one subscriber to the other via the previously reserved 
information channel. 

The connection is also terminated by an exchange of 
control signals or messages between the subscribers and the 
network. The physical connection is usually disconnected by 
a termination acknowledgement sent by the party initiating 
the termination. 

A radio telephone network is usually made up of several 
base stations and base station controllers that control them. 
The subscriber devices defined in the terminology presented 
above are usually mobile phones. The radio interface 
between the radio telephone network and a subscriber device 
is defined by network standards such as NMT, GSM, 
DCS1800, PCS1900, AMPS and TACS. Radio telephone 
networks that adhere to these standards are usually regional 
networks. 

In the radio interface of cellular networks defined by the 
GSM, DCS1800 and PCS1900 specifications, the commu- 
nications connection defined above is a call, in which the 
states and changes of state related to the connection 
establishment, information transfer and connection termina- 
tion phases are controlled by control messages, called Mes- 
sages for circuit-switched call control, between the sub- 
scriber device and the network. Connection establishment 
messages are: ALERTING, CALL CONFIRMED, CALL 
PROCEEDING, CONNECT, CONNECT 
ACKNOWLEDGE, EMERGENCY SETUP, PROGRESS 
and SETUP. During the information transfer phase, i.e., 
while the call is active, MODIFY, MODIFY COMPLETE, 
MODIFY REJECT, USER INFORMATION messages and 
Supplementary Services HOLD and RETRIEVE messages 
can be sent. Connection termination messages are: 



10 



25 



DISCONNECT, RELEASE and RELEASE COMPLETE. 
The Supplementary Services, SS, of the interface defined by 
the specifications also include other control messages, and 
so do the other special cases that are defined as belonging to 
the interface, such as FACILITY messages, for example. 
The definitions of these control messages are extensively 
presented in chapter 9.3, Messages for circuit-switched call 
control, pages 249-302 in the publication "GSM Technical 
Specification 04.08", for example, which publication is 
included in this application by merit of references to the 
contents of said messages. 

FIG. 1 shows an example of the phases of a GSM, 
DCS1800 or PCS1900 specification call with the help of a 
state diagram. In the example in FIG. 1, the connection 
establishment phase is mobile originated, MO. States of the 
connection setup phase 12 are U0.1 (MM -connection 
pending), U1.0 (Call initiated), U3.0 (MO call proceeding) 
and U4.0 (Call delivered). Control message signalling pre- 
sented above is preceded by channel reservation U. The 
information transfer phase 13 is made up of U10 (Active) 
and possibly U26 (Modify) states. In the U10 (Active) state 
the call can be placed on hold and retrieved with the HOLD 
and RETRIEVE messages presented in the figure. This 
phase may also contain MULTIPARTY services defined by 
the specification. Connection termination phase 14 is mobile 
terminated, MT. MT termination is activated with a DIS- 
CONNECT message sent from the network to the sub- 
scriber. In practice, termination is usually initiated by the 
subscriber device at the other end of the network, to which 
30 the connection exists. Connection termination phase states 
are U12 (Disconnect indication) and U19 (Release request). 
Changes from one state to the next are activated by the 
control messages presented above, whose directions in the 
figure are depicted by the extensions _S, transmission from 
35 the subscriber to the network, or „R, reception from the 
network by the subscriber. Another example of a call state 
diagram is shown in FIG. 2. In this example, the connection 
setup is mobile terminated, MT, and the connection termi- 
nation is mobile originated, MO. Connection setup phase 21 
40 states are: U6.0 (Call present), U9.0 (MT call confirmed), 
U7.0 (Call received) and U8.0 (Connect request), informa- 
tion transfer phase 22 states are, as in the example in FIG. 
1, U10 (Active) and U26 (Modify). Connection termination 
phase 23 is made up of state Ull (Disconnect request). It is 
45 known that a call can consist of different combinations of 
both mobile originated and mobile terminated connection 
setup and connection termination phases. The information 
transfer phase is the same in all combinations. The call 
control is usually implemented at both the subscriber and 
network ends with a state machine. 

GSM specification 04.83 section 1.1 defines the signal- 
ling sequence of the call waiting service, with which the 
network informs the subscriber device of an arriving call 
when the subscriber already has at least one call. According 
to the specification, the call waiting service can only be valid 
if the subscribers present call is in the U10 (Active) or U26 
(Modify) state of the information transfer phase. FIG. 3 
shows the signal sequences between the network NET- 
WORK and the subscriber device MS that are related to the 
call waiting service. A call waiting message received during 
the U10 and U26 states, which is the same as the SETUP 
connection request that initiates a connection setup, is con- 
firmed to the network with a CALL CONFIRMED 
acknowledgement, which contains "user busy" information. 
An ALERTING message informs the network of an alarm 
sent to the user. Alarm may be a knocking signal or clear text 
appearing in the display of the phone. The user then decides 
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whether to answer, if the user does not wish to take the call, 
a DISCONNECT message initiating a norma] connection 
termination is sent after the CALL CONFIRMED, ALERT- 
ING sequence shown in FIG. 3. Receipt of a call waiting 
message always initiates a new call control state machine in s 
the system. The user takes the new call by placing the 
present call in a hold state with the HOLD message as shown 
in FIGS. 1 and 2, and then answering the call waiting call as 
normal. 

Call waiting service realized in the above manner has 10 
disadvantages and limitations. Throughout the call, during 
all of its phases: connection establishment, information 
transfer, connection termination, the subscriber is busy as far 
as the network is concerned, which condition is indicated by 
a **user busy" state maintained by the network. The GSM 35 
specification defines the call waiting service as being valid 
only in the U10 (Active) and U26 (Modify) states of the 
subscriber's present call. Therefore, according to GSM 
specification 04.83, a call waiting message that announces 
an arriving call, i.e., a SETUP message, can not be sent from 20 
the network to the subscriber during the information transfer 
phase, except during the said states, Active and Modify, or 
during the connection establishment and connection termi- 
nation phases. 

In practice, a problem is caused by the mobile originated, 25 
MO, connection setup phase 12 connection establishment 
sequences and the mobile terminated, MT, connection ter- 
mination phase 14 call termination sequences shown in FIG. 
1, which sequences may last quite long. During these phases 
the subscriber can not be reached according to the GSM 30 
specification, even though the subscriber actually is free to 
receive a new call if so desired. 

FIG. 4 shows a signalling sequence of a mobile origi- 
nated connection setup according to the GSM specification. 
The connection establishment begins with a connection 35 
request, SETUP, sent to the network NETWORK by the 
subscriber MS, containing address and other information 
needed to set up the connection. The network acknowledges 
the receipt of the connection information by sending the 
subscriber a CALL PROCEEDING connection request 40 
acknowledgement, after which the subscriber waits in the 
U3.0 state for an ALERTING message from the network, as 
shown in FIG. 1, which message announces that the con- 
nection is being set up and that an alarm is being given at the 
receiving subscriber's end. After this the subscriber waits in 45 
state U4.0 for the call to be answered, until the network 
announces with a CONNECT message that the call has been 
answered at the receiving subscribers end. States U3.0 and 
U4.0 may last a long time in a mobile originated connection 
establishment. This is especially so when the receiving 50 
subscriber is far away, e.g., several separate radio telephone 
networks away, or when the arriving call is not answered at 
the receiving subscriber's end. The total duration of these 
states may be up to several minutes. 

FIG. 5 shows a signalling sequence of a mobile termi- 55 
nated connection termination according to the GSM speci- 
fication. The termination is activated by a DISCONNECT 
message sent by the network NETWORK, which changes 
the call to the U12 (Disconnect indication) state shown in 
FIG. 1. The subscriber device MS responds to the termina- 60 
tion request with a RELEASE message, which is acknowl- 
edged by the network with a RELEASE COMPLETE ter- 
mination acknowledgement. As far as the user of the 
subscriber device is concerned, the call has already been 
terminated in the U12 state and there is no way that the call 65 
can be returned to the active state U10. Termination of the 
call lasts particularly long, up to 30 seconds, if the DIS- 



CONNECT message sent by the network indicates a 
so-called "in band" message, which may be a recorded 
message, for example. It is probable that the telephone user 
usually would rather receive a new call than listen to the "in 
band" message generated by the network. 

The problematic situations presented in the above 
examples that are related to GSM-specific connection setup 
and connection termination are also possible in other known 
radio telephone networks, particularly in the DCS1800 and 
PCS1900 systems. 

The present invention alleviates unnecessary limitations 
and complications related to the reception of a new call in a 
situation where the subscriber already has at least one call. 

According to the invention a radio telephone system 
including subscriber devices, particularly mobile phones, 
that function in a radio telephone network; and at least one 
control channel for transferring call control messages 
between the network and a subscriber device; in which 
system a call is made up of three consecutive phases: 
connection setup, which includes at least one transfer of a 
connection setup message in the control channel; informa- 
tion transfer; and connection termination, which includes at 
least one transfer of a connection termination message in the 
control channel; and in which the network is allowed to send 
a control message announcing the arrival of a new call, i.e., 
a call waiting message, via the control channel, to the 
subscriber device in the information transfer phase, is char- 
acterized in that the network is further allowed to send a call 
waiting message to the subscriber device via the control 
channel in the connection setup phase and/or the connection 
termination phase. 

In the implementation described in the present invention, 
the network can transmit and the subscriber device, usually 
a mobile phone, can receive a control message announcing 
a new arriving call in the desired states of the present call, 
also in states other than U10 (Active) and U26 (Modify). 
Furthermore, the subscriber device informs the user of the 
arriving call with a suitable signal, such as a series of three 
short beeps, for example. 

The present invention is described in detail below, with 
references to the enclosed drawing. 

FIG. 1 shows a state diagram of a call that includes a 
mobile originated (MO) connection setup phase and a 
mobile terminated (MT) connection termination phase in the 
GSM, DCS 1800 and PCS1900 systems according to the 
prior art, 

FIG. 2 shows a state diagram of a call that includes a 
mobile terminated (MT) connection establishment phase 
and a mobile originated (MO) connection termination phase 
in the GSM, DCS1800 and PCS1900 systems according to 
the prior art, 

FIG. 3 shows a signalling sequence of a call waiting 
service in the GSM, DCS1800 and PCS1900 systems 
according to the prior art, 

FIG. 4 shows a signalling sequence of a mobile origi- 
nated connection setup procedure in the GSM, DCS 1800 
and PCS 1900 systems according to the prior art, 

FIG. 5 shows a signalling sequence of a mobile termi- 
nated connection termination procedure in the GSM, 
DCS1800 and PCS1900 systems according to the prior art, 

FIG. 6 shows a signalling sequence of a mobile origi- 
nated connection setup procedure in which a call waiting 
service is valid according to the present invention, and 

FIG. 7 shows a signalling sequence of a mobile termi- 
nated connection termination procedure in which a call 
waiting service is valid according to the present invention. 

In the text that explains the figures, the GSM system is 
referred to as an example, but the same is also valid in the 
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DCS1800 and DCS1900 standards. The prior art shown in 
FIGS. 1-5 is explained earlier in the present patent appli- 
cation. The connection establishment shown in FIG. 4 is 
modified by the present invention in a manner which is 
presented with the example shown in FIG. 6. In practice, the 5 
setup of a physical connection to a subscriber reachable 
through the network NETWORK occurs in the U3.0 state 
after the CALL PROCEEDING connection request 
acknowledgement, which state is shown in the state diagram 
of FIG. 1 . According to the present invention the call waiting 10 
service is valid also during the connection setup phase, so a 
new arriving call can also be received in the U3.0 state with 
the known sequence of SETUP, CALL CONFIRMED and 
ALERTING messages shown in FIG. 6. The user is 
informed of the call with a knocking message, after which 15 
the user can decide whether or not to receive the call, as in 
the prior art. In the practical application of the present 
invention, the call arriving via the call waiting service 
initiates a new call control state machine in which the 
connection setup is mobile terminated, as is shown in the 20 
state diagram in FIG. 2. In the same manner, a call can be 
received via the call waiting service in the other states 
related to connection setup: U0.1, U1.0 and U4.0. In 
practice, another alternative place for receiving a call wait- 
ing call, or a SETUP, CALL CONFIRMED and ALERTING 25 
sequence as shown in FIG. 6, is after the ALERTING 
message sent from the network to the subscriber, because the 
alarm state U4.0 (Call delivered) may sometimes last a long 
time, e.g., if the receiving subscriber does not answer the 
telephone. 30 

The mobile terminated connection termination sequence 
shown in FIG. 5 is modified by the present invention in a 
manner which is shown in FIG. 7. Also in the example 
situation shown in FIG. 7, the DISCONNECT message is 
sent from the network NETWORK to the subscriber device 35 
MS, and the network expects the message to be answered 
with a RELEASE message. According to the present inven- 
tion the new call can be announced with the SETUP, CALL 
CONFIRMED and ALERTING sequence also in the Dis- 
connect indication state U12, after the DISCONNECT 40 
message, FIG. 1. The setup of the new connection proceeds 
as normal in the new state machine activated by the call 
waiting call. The termination of the previous call can pro- 
ceed with the RELEASE and RELEASE COMPLETE mes- 
sages independently of the new connection setup. Contrary 45 
to the example shown in FIG. 5, the network can also send 
a RELEASE message if the timer 1306 of GSM specifica- 
tion 04.08 changes to the timeout state. 

In a mobile terminated connection setup and a mobile 
originated connection termination, FIG. 2, the present inven- 50 
tion does not achieve the above mentioned benefits, because 
the connection setup phase 21 and the connection termina- 
tion phase 23 are short in duration in this case. It is not even 
sensible to allow the call waiting service during the mobile 
terminated connection setup phase, because the only thing 55 
that may unnecessarily stretch the connection setup is the 
case where the user does not answer the telephone. The 
connection termination phase naturally is short in duration, 
because the DISCONNECT and RELEASE messages are 
sent at nearly the same time that the user terminates the call, 60 
e.g., with the telephone's END CALL button. 

The decision to take the incoming call and place the 
present call in the hold state is also left to the user of the 
subscriber device in the present invention in the same 
manner as in the prior art. In an alternative implementation 65 
of the present invention, the network can close the call 
waiting service so that it is not available to the subscriber 



and decide whether to take the new call and terminate the 
present call on behalf of the subscriber. 

If the subscriber already has two calls, one being in one 
of the three phases of a call presented above, and the other 
being in the information transfer phase, but in the hold state, 
offering waiting call as described in the present invention 
can be allowed. In this situation the user must decide which 
two calls he or she wishes to keep, because as is known, it 
is impossible to maintain a third call in the GSM system 
without a MULTIPARTY function. 

It is advantageous to allow the call waiting service 
described in the present invention in the GSM, DCS 1800 
and PCS1900 systems during all of the phases shown in FIG. 
1: connection establishment 12, information transfer 13 and 
connection termination 14, especially between the acknowl- 
edgement of the connection request, CALL PROCEEDING, 
and the acknowledgement of the termination, RELEASE 
COMPLETE. 

Allowing the call waiting service during states other than 
the U10 (Active) and U26 (Modify) states of the information 
transfer phase is experienced by mobile phone users as 
flexibility, because the lengthy connection setup and con- 
nection termination sequences no longer limit accessibility 
in the network. Implementation of the present invention in 
the GSM, DCS1800 or PCS1900 system requires modifica- 
tion of the radio interface specification related to the validity 
of the call waiting service presented above. 

The present invention also simplifies signalling related to 
the setting up of a call. Setting up a new call in a radio 
telephone system normally requires that a new channel is 
reserved, which is done at the beginning of the connection 
setup phase, like the channel reservation phase 11 shown in 
FIG. 1. With the present invention, an increasing number of 
calls can be taken while the control and speech channels are 
already existing and usable, e.g., after the U12 (Disconnect 
indication) state of the previous call. In principle, these 
channels are exploitable during the next call. 

The present invention can be implemented in existing 
call control state machines by modifying the software in 
both the subscriber devices and the network. 

The present invention is not limited to the GSM, 
DCS1800 or PCS1900 cellular systems presented in the 
examples, but is also applicable to other radio telephone 
systems as broadly as the enclosed patent claims allow. 

I claim: 

1. A radio telephone system including subscriber devices, 
particularly mobile phones, that function in a radio tele- 
phone network, and comprising at least one control channel 
for transferring call control messages between the network 
(NETWORK) and a subscriber device (MS), and in which 
system a call is made up of three consecutive phases, 

connection setup (12, 21), which includes at least one 
transfer of a connection setup message in the control 
channel, 

information transfer (13, 22), and 

connection termination (14, 23), which includes at least 

one transfer of a connection termination message in the 

control channel, 
characterized in that 

a call waiting service, in which the network sends the 
subscriber device a control message announcing the 
arrival of a new call, via the control channel, which 
service is valid in any of said three consecutive desired 
phases or parts of phases of the call. 

2. The radio telephone system according to claim 1, 
characterized in that the network is allowed to send the call 
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waiting message between the connection request and termi- 
nation acknowledgement messages. 

3. The radio telephone system according to claim 1, 
characterized in that the connection setup message forms at 
least part of the call waiting message. 5 

4. The radio telephone system according to claim 1 or 3, 
characterized in that a new call is formed in the system by 
the impulse of the call waiting message. 

5. The radio telephone system according to claim 4, 
characterized in that the new call uses the control channel of 10 
the previous call, 

6. The radio telephone system according to claim 1, 
characterized in that the call waiting message is announced 
to the user of the subscriber device with an alarm message. 

7. The radio telephone system according to claim 1, is 
characterized in that the subscriber device sends via the 
control channel to the network an acknowledgement mes- 
sage indicating whether the new call is accepted or rejected. 



,825 

8 

8. The radio telephone system according to claim 1, 
characterized in that the network is a cellular network 
defined by the GSM, DCS1800 or PCS1900 specification. 

9. The radio telephone system according to claim 8, 
characterized in that the network is allowed to send the call 
waiting message between the mobile originated connection 
request acknowledgement CALL PROCEEDING and the 
mobile terminated termination acknowledgement 
RELEASE COMPLETE. 

10. The radio telephone system according to claim 8, 
characterized in that the call waiting message is a SETUP 
message. 

11. The radio telephone system according to claim 7, 
characterized in that the accepting acknowledgement mes- 
sage is a CALL CONFIRMED message. 

* * * * * 
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